Abstract 3-Amino-substituted imidazo[1,2-a]pyridines can be prepared with yields up to 98% within a few minutes by microwave-assisted three-component reaction between 2-aminopyridines, aldehydes and isocyanides using montmorillonite as the catalyst and toluene as the solvent. The organic solvent can be replaced by ionic liquids. With guanidinium salts the microwave-assisted reaction can be performed in the absence of any further catalyst.
Introduction
Recently, the application of microwaves in organic synthesis has become very popular. Microwave-assisted syntheses are a particularly attractive alternative to syntheses under thermal conditions since they often proceed much faster and deliver products with higher yields and higher purity. 1 Upon conventional heating using an external heat source like an oil bath the energy transfer depends on the thermal conductivity of the sample to be penetrated, which is relatively slow and inefficient. In contrast, the energy of the microwaves is directly transferred to the molecules of the reaction mixture via dielectric heating. The heating is largely caused by dipolar polarization and ionic conduction.
Currently, the use of ionic liquids (ILs) as solvents and catalysts in organic transformations is receiving a great deal of interest. 2 ILs have an ionic structure and they consist of an organic cation and an inorganic or organic anion. They have nearly no vapor pressure, are thermally and Multicomponent reactions are of great importance for the efficient assembly of compound libraries. 8 The Groebke reaction is a particularly valuable three component reaction as it allows the synthesis of a number of relevant heterocyclic systems. It makes use of the reaction of 2-aminoazines, aldehydes and isocyanides for the preparation of fused 3-aminoimidazoles, including imidazo[1,2-a]pyridines, imidazo[1,2-a]pyrimidines and imidazo [1,2-a] pyrazines. Due to the marked biological activity of many compounds with an imidazo[1,2-a]pyridine skeleton 9 a number of different protocols for the Groebke reaction have been developed. 10 The synthesis of imidazo [1,2-a] pyridines has been achieved in the presence of Brønsted acids 10h,i as well as with Lewis acids.
10b,d,g The reaction can also be performed in the absence of any catalyst. 10a The synthesis has also been performed under microwave conditions in the presence of montmorillonite 10f or ZnCl2. 10b There is also a report on the use of [bmim]Br at room temperature to bring about the synthesis of imidazo [1,2-a] pyridines.
10c However, many of these methods suffer from different drawbacks such as long reaction times and/or the application of expensive catalysts. In order to establish a quick and efficient approach to this class of compounds we decided to study the influence of solvents on the microwave-assisted reaction between 2-aminopyridines, aldehydes and isocyanides in the presence of montmorillonite as the catalyst. It was planned to perform a model reaction in the absence and presence of solvents, including traditional organic solvents as well as ILs. Of particular interest was the use of guanidinium salts as reaction medium.
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Results and Discussion
Here we present our results on the microwave-assisted three-component synthesis of 3-amino substituted imidazo[1,2-a]pyridines 4 with montmorillonite as the catalyst under a variety of reaction conditions. The reaction between 2-aminopyridine (1a), benzaldehyde (2a) and benzylisocyanide (3a) was used as a model reaction. After some preliminary experiments it was found that the reaction could be run in the absence of any solvent when equimolar amounts of 1a, 2a and 3a were reacted in the presence of montmorillonite in a sealed vial under microwave conditions using a focused single mode microwave reactor for 5 min at 140°C. Further experiments demonstrated that the yield of 4a could be improved markedly when the reaction was run in an organic solvent (Table 1) . Optimizing the reaction conditions with regard to the amounts of substrates, reaction time and temperature, solvent and the amount of montmorillonite revealed that 4a could be isolated in 92% yield when 1 mmol 1a, 1.09 mmol of 2a and 1.25 mmol of 3a were reacted with 76 mg montmorillonite in 2 mL toluene at 160 °C for 7 min (Entry 7). When the reaction was run in a sealed vial under thermal conditions (oil bath) the yield of 4a dropped to 75%.
The microwave-assisted synthesis of 4a was also studied in different ILs in the presence of montmorillonite. First, the reaction was performed with different imidazolium salts ( Table 2 ). It was found that at higher reaction temperatures mainly decomposition occurs (Entries 3,5). But even at 90°C the formation of 4a was accompanied with the formation of a side product of unknown structure (Entries 1,2,6). The only IL allowing for the clean formation of 4a was [bmim]BF4 at 90°C (Entry 4). Under these conditions 4a could be isolated with 70% yield. However, in no case did the yield of 4a exceed that obtained under the conditions given in Table  1 , Entry 7.
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Furthermore, it was studied whether the imidazolium salts can be replaced by guanidinium salts. When the microwave-assisted reaction between 1a, 2a and 3a was run in guanidinium salt 5a as ionic liquid in the presence of montmorillonite 43% of 4a could be isolated (Table 3 , Entry 1). In a final set of experiments the reaction was studied in the absence of montmorillonite. For this purpose 1 eq 1a, 1.09 eq 2a and 1.25 eq 3a were reacted under microwave conditions in 1 eq of different guanidinium salts 5a-d (Table 3 , Structure Block 1). The product was formed in each of the ionic liquids employed, but the outcome strongly depends on the structure of the guanidinium salts employed. The highest yield (68%) was obtained with 5c (Entry 4). However, in no case did the yield of 4a exceed that obtained under the conditions given in Table 1, Entry 7 . The results clearly demonstrate that the three component reaction can be performed in guanidinium salts acting both as solvent and as catalyst. Further studies will be needed to study the influence of the structure of the guanidinium salts. 1 The reaction was performed in 2 mL of 5a. 2 In addition, a side product of unknown structure was observed. It turned out that the highest yield of 4a could be obtained when the microwave-assisted reaction between 1a, 2a and 3a using montmorillonite as a catalyst was run in toluene as the solvent. Therefore, the scope of the three-component reaction was studied under these reaction conditions. It was found that 2-aminopyridines 1a,b can be successfully reacted with different aldehydes 2a-f and isocyanides 3a-c to produce a number of imidazo[1,2-a]pyridines 4a-j with yields ranging from 16% to 98% in analytically pure form (Table 4 , Structure Block 2). The structures of all imidazo[1,2-a]pyridines 4a-j described here have been elucidated by means of mass, 1 H, 13 C, COSY, HSQC and HMBC spectroscopic methods. The assignment of the quaternary carbons relies on long-range correlations in the HMBC spectra.
Conclusions
In summary, the microwave-assisted three-component reaction between 2-aminopyridines, aldehydes and isocyanides with montmorillonite as the catalyst and in toluene as the solvent delivers 3-amino-substituted imidazo[1,2-a]pyridines with yields up to 98% within a few minutes. The organic solvent can be replaced by ILs like imidazolium or guanidinium salts. With guanidinium salts the reaction can be performed in the absence of any further catalyst.
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Experimental Section
General. Starting materials were purchased from chemical companies and used without purification. Toluene was distilled from sodium. All microwave-assisted reactions were performed using a Discover TM single mode cavity microwave synthesizer (CEM Corp.) producing continuous microwave irradiation at 2450 MHz. All experiments were conducted under argon. Thin-layer chromatography (TLC) was performed on TLC aluminum roll silica gel 60 F254 (Merck). Compounds were visualized with UV light (λ = 254 nm) and/or immersion in KMnO4 solution followed by heating. Column chromatography was performed on silica gel MN 60, 0.063 mm-0.200 mm. Melting points were determined on a Kofler melting point apparatus (Reichert, Austria) and are uncorrected. IR (ATR) spectra were taken on a Spectrum One FT-IR spectrometer (Perkin Elmer). UV spectra were measured using a CARY 4E spectrophotometer (Varian). NMR spectra were recorded on a Varian General procedure A for the reaction of 1, 2 and 3 under microwave conditions in toluene 1 (1 mmol), 2 (1.09 mmol) and 3 (1.25 mmol) were suspended in toluene (2 mL) and placed in a 10 mL reaction vial heated and cooled under Ar. After addition of montmorillonite (76 mg) the vial was sealed with a septum and irradiated with microwaves (300W) for 7 min at 160°C. The reaction mixture was allowed to cool to r.t. and was then diluted with CH2Cl2 (10 mL) and filtered. The residue obtained after concentration in vacuo was purified by column chromatography on silica gel to yield 4.
General procedure B for the reaction of 1a, 2a and 3a under microwave conditions in imidazolium salts 1a (1 mmol), 2a (1.09 mmol), 3a (1.25 mmol) and montmorillonite (76 mg) were placed in a 10 mL reaction vial that had been heated and cooled under Ar. After addition of the imidazolium salt (2 mL) the vial was sealed with a septum and irradiated with microwaves. After completion of the reaction, the mixture was allowed to cool to r.t. and washed with EE or TBME (5 × 5 mL). The combined organic extracts were concentrated in vacuo and the residue was purified by column chromatography on silica gel to yield 4a.
General procedure C for the reaction of 1a, 2a and 3a under microwave conditions in guanidinium salts 1a (1 mmol), 2a (1.09 mmol), 3a (1.25 mmol) and the guanidinium salt 5 (1 mmol) were placed in a 10 mL reaction vial that had been heated and cooled under argon. The vial was sealed with a septum and irradiated with microwaves. After completion of the reaction, the mixture was allowed to cool to r.t. and then purified by column chromatography on silica gel to yield 4a.
N-Benzyl-2-phenylimidazo[1,2-a]pyridin-3-amine (4a).
10f According to general procedure A 94 mg (1 mmol) 1a, 116 mg (1.09 mmol) 2a and 146 mg (1.25 mmol) 3a were reacted with 76 mg montmorillonite in 2 mL toluene. After work up and column chromatography (TBME/PE = 10/2) 274 mg (0.92 mmol) 4a (92 %) were isolated as a yellow solid. -2-(4-bromophenyl)imidazo[1,2-a]pyridin-3-amine (4c) . According to the general procedure A 94 mg (1 mmol) 1a, 202 mg (1.09 mmol) 2c and 146 mg (1.25 mmol) 3a were reacted with 76 mg montmorillonite in 2 mL toluene. After work up and column chromatography (TBME/PE = 5/2) 304 mg (0.8 mmol) 4c (80 %) were isolated as a pale yellow solid. 35 (5H, m, 2''-H, 3''-H, 4''-H, 5''-H, 6''-H), 7.54 (3H, overlapped, 3'-H, 5'-H, 7-H 10a According to the general procedure A 94 mg (1 mmol) 1a, 153 mg (1.09 mmol) 2b and 136 mg (1.25 mmol) 3c were reacted with 76 mg montmorillonite in 2 mL toluene. After work up and column chromatography (CH2Cl2/TBME = 15/1) 320 mg (0.98 mmol) 4j (98 %) were isolated as a pale gray solid. 
2-(4-Chlorophenyl)-N-benzylimidazo[1,2-a]pyridin-3-amine (4b). According to the general
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